Mammalian studies have shown that nutritional constraints during the perinatal period are able to program the progeny (metabolism, performance). The presented research aimed to investigate if broiler breeders and their offspring performance could be influenced by reducing the dietary crude protein (CP) level with 25%. A total of 160 day-old pure line A breeder females were randomly divided over 2 dietary treatments. The control group was fed commercial diets, whereas the reduced balanced protein (RP) breeders received an isoenergetic diet that was decreased with 25% in dietary CP and amino acid during their entire lifespan. The RP birds required an increased feed allowance, varying between 3 and 15%, to meet the same BW goals as their control fed counterparts. The difference in feed allocations and reduction of the dietary CP level resulted in a net protein reduction varying between 14 and 23%. At wk 27 and 40, the body composition of the breeders was changed as a result of the dietary treatment. At both ages, the proportional abdominal fat pad weight of the RP breeders was increased (P < 0.001), whereas the proportional breast muscle weight was only higher at wk 27 in the control group compared to the RP group (P < 0.001). Egg weight (P < 0.001) and egg production (P < 0.001) was decreased for the RP fed birds. The lower dietary CP level reduced the proportional albumen weight of the RP eggs (P = 0.006). Male offspring from RP breeders were characterized by an increase in BW from 28 d until 35 d of age (P = 0.015). Moreover, female progeny of RP breeders showed a reduced FCR (P = 0.025), whereas male progeny showed a tendency (P = 0.052) towards a lower FCR at 5 wk of age. In conclusion, lowering dietary CP levels in rearing and laying phase of breeders had a negative effect on breeder performance but enhanced live performance of the offspring.
INTRODUCTION
The importance of crude protein (CP) levels in broiler breeder diets is well known and has been an interesting topic of research for the last decades. Both, albumen removal from the eggs prior to incubation (Everaert et al., 2013) and maternal protein reduction (Lopez and Leeson, 1995a; Hocking et al., 2002; van Emous et al., 2013; Moraes et al., 2014) , were thoroughly investigated in the past. A decrease in the dietary CP level in poultry production could have a positive impact on the economic and environmental costs of poultry meat production. Broiler production has evolved tremendously over the past 30 years and the selection towards a higher proportional breast muscle weight re-sulted in an altered body composition of broilers and breeders. The growth curve of female breeders altered from a convex to a concave shaped curve. This resulted in a lower feed allowance in the beginning of the rearing period, but a higher feed allocation towards the start of the laying phase. This concave growth curve assures a more uniform maturation of the flock (Renema et al., 2007) . Consequently, breeder production and the feed requirements of both breeder and broiler generations are changed as well. Not only breeding companies, but also the feed industry made tremendous progress in the last decades, resulting in a broiler that is more efficient and grows 4.6 times the rate of a 1957 random-bred strain (Havenstein et al., 2003a,b; Thiruvenkadan et al., 2011; Zuidhof et al., 2014) . The interest in low protein and diluted diets is increasing again (Enting et al., 2007; Zhu et al., 2012; Moraes et al., 2014; van Emous et al., 2015a,b) . By reducing the CP and/or energy content of the broiler breeder diets, daily feed allocation can be increased, which could 3949 enhance the welfare of the breeder generation. In addition, maternal dietary treatments have been shown to program the offspring of avian species, with the implication of epigenetic effects (Berghof et al., 2013; Frésard et al., 2013) . The study by van Emous et al. (2015a) reduced the dietary CP levels during the rearing period, resulting in an increase of the proportional breast muscle (BM) of the male offspring. Moreover, Rao et al. (2009) reduced the dietary CP level during the laying phase and showed an altered gene expression in the yolk-sac membrane, hypothalamus, and muscle of developing chicken embryos. Furthermore, the effect of a reduced albumen amount available for the embryo has been shown to program the chicken early in life with long-lasting effects (Everaert et al., 2013; Willems et al., 2016) . Therefore, the presented study investigated the effects of a lower dietary CP level in both rearing and laying phase of breeders. It is hypothesized that reduced dietary CP levels during the entire lifespan of breeder hens could induce maternal programming effects on the broiler offspring towards a better protein efficiency.
MATERIALS AND METHODS

Ethics
The present research was approved by the ethical commission for experimental use of animals of the KU Leuven under accession number P187/2013.
Birds and Management Breeder Trial
A total of 160 1-day-old Pure Line A female breeders were wing tagged and randomly distributed over 10 floor pens (1.5 × 2 m), resulting in 16 birds per pen in the rearing phase and 12 birds per pen in laying phase. Forty 1-day-old male breeders of the same Pure Line A were allotted in 2 pens and kept separate from the females. Pure line A is a pure broiler breeder male line of a commercial breeding company at the A position of a 4-way cross that makes up a commercial broiler. These pens were all located in the same poultry house and the floor was covered with wood shavings. The females were divided into 2 groups: a control group (C), fed with standard commercial breeder diets (Aviagen, 2013 ) and a reduced balanced protein group (RP), fed with diets wherein the dietary protein and amino acid level was reduced by 25% during rearing and laying phase (Table 1). This experimental setup was conducted with 5 replicates per treatment. In the first 3 wk, all birds received the same starter feed (Research Diet Service, Wijk bij Duurstede, The Netherlands), which was fed ad libitum from 1 to 14 d. From 15 to 21 d all birds were fed a controlled amount of the starter 1 diet. After 21 d of age the dietary treatment started and the RP group received a feed with a 25% reduction in dietary crude protein and amino acids throughout rearing and laying phase (Table 1) . Starter 2 was provided from 22 to 42 d, the grower diet was administered from 43 to 105 d, the pre-breeder diet from 106 to 154 d and breeder diet from 155 d until 40 wk of age. During rearing, the feed allocations were adapted weekly to maintain a similar BW for both groups as all breeders were kept on the same target BW curve recommended in the breeder management guide for a Ross 308 parent stock (Aviagen, 2013) . BW and egg production were the directives for calculating the daily feed allocation during the laying phase. For each feeding phase, diets were formulated to be isoenergetically and composed of the same raw materials. Fat percentage was similar in the C and RP diets of each phase, whereas protein was isoenergetically substituted by carbohydrates. The main focus of this research was to evaluate the effects of a RP diet on the progeny and to a lesser extent on the egg production.
The male breeders were not subjected to any dietary treatment and were fed according to the breeder management guide for a Ross 308 parent stock (Aviagen, 2013) . The breeders were artificially inseminated from wk 25 onwards. At the age of 19 wk, 12 males were selected and transferred to individual cages (60 × 40 × 60 cm). Their semen was pooled and diluted following the protocol of Sexton (1977) , after which 100 μL of the diluted semen was injected once a wk to the vagina of the female breeders. The progeny of these breeders was used for the offspring experiment.
Light and temperature schedules were applied according to the management guidelines for a Ross 308 parent stock (Aviagen, 2013) . The photoperiod of the pullets during the first 2 d was 23L:1D and was gradually reduced to 8L:16D at d 10 of age. At 21 wk of age, the breeders were photostimulated and light period was increased to 11L:13D. The photoperiod was further increased by 1 h extra light per wk until 13L:11D was reached at 23 wk of age. During the laying phase, light was on between 0400 h and 1700 h. Feed was supplied daily at 0900 h. Water was available ad libitum during light hours through 1 bell-type drinker per pen. The birds were vaccinated according to the standard commercial vaccination procedures (Galluvet, Lummen, Belgium).
Birds and Management Offspring Trial
In wk 30 and 31, a total of 350 fertile eggs of the control and RP groups were collected. All eggs were incubated in a forced draft incubator (PAS Reform incubator, Zeddam, The Netherlands) for 21 d following the standard incubation conditions, i.e., dry bulb temperature of 37.6
• C, a wet bulb temperature of 29.0 • C and were turned every hour over an angle of 90
• . On embryonic d 18, all eggs were candled and those with signs of viable embryos were transferred from the setter trays to individual hatching baskets. At the end of the incubation period (21.5 d), unhatched eggs were opened CVB, 2012. to determine the stage of embryonic mortality (early, mid and late death). After cloacal sexing, male and female progeny were randomly allocated to 16 floor pens (1.0 × 0.75 m), with either 10 male or female chicks per pen, resulting in 4 replicates per group per gender. The floor was covered with wood shavings as bedding material. The light and temperature schedules were followed according to the management guide of Ross 308 broilers (Aviagen, 2014) . During the first wk, the photoperiod was 23L:1D, from 1 wk of age onwards broilers were kept on a 14L:4D:2L:1D:2L:1D lighting program. Both the progeny from the control and RP group were fed a standard 3 phased broiler feed optimized following the recommendation of CVB (2012) ( Table 2 ) (Research diet service, Wijk bij Duurstede, The Netherlands). The starter diet was supplied from 1 to 10 d, a grower diet from 11 to 25 d and a finisher diet from 26 to 35 d. All birds were wing tagged for individual weekly weighing.
Data Collection Breeder Trial
Body Weight. During both rearing and laying phase, individual BW was monitored weekly for all birds. The weighing was performed before feeding time and daily feed allocations for C and RP group were determined based on this weekly weighing data. Body Composition. At 27 and 40 wk of age, 10 birds representing the average weight per treatment were sacrificed for sampling. The birds were sacrificed by electrical stunning, following to the EU regulations, prior to decapitation. The BM (both the pectoralis major and minor of the left side), abdominal fat pad (AF), liver, pancreas, heart, oviduct, ovaria, stroma and the largest follicle were dissected and weighed. Additionally, the number of small (between 5 and 10 mm) and large (>10 mm) yellow follicles was recorded. The proportional tissue weights were calculated by dividing the absolute tissue weight by the live weight of the bird.
Egg Production. During the laying period, from 24 to 39 wk of age, eggs were collected daily and weighed individually. The eggs were classified into first and second grade eggs, second grade eggs contained doubleyolked eggs or shell abnormalities and were not used for calculation of laying rate. Laying rate in the first 2 wk of production was calculated from 24 to 25 wk of age. Breeder FCR was calculated as the total feed intake (rearing and production phase) divided by the total egg mass from 24 to 39 wk of age (kg feed/kg egg mass).
Egg Composition and Quality. At wk 26, 32, and 39, egg composition and egg quality were determined on 20 eggs per treatment the day after collection. The yolk, albumen, and egg shell of the eggs were separated and weighed. Proportional weights were calculated relative to egg weight. The shell thickness was measured by using a micrometer at 3 places around the equator of the egg. The albumen height measured in Haugh units (HU) (Eisen et al., 1962) was determined at the center of the thick albumen using a standard tripod micrometer (Futura-Werner Fürste, Löhne, Germany). Haugh units were calculated using the following equation: HU = 100 × log {albumen height − 5.67 × [(30 × egg weight 0.37 − 100)/100] + 1.9}. The color of the yolk was determined by using a Roche Yolk Color Fan scale (Hoffmann-La Roche, Basel, Switzerland), which ranges from 1 (very light yellow) to 15 (dark orange).
Data Collection Offspring Trial
Body Composition. At hatch and d 35, 10 chicks per group (offspring control and RP group) were sacrificed and dissected. The hatchlings were killed by decapitation, whereas 35-day-old broilers were euthanized by electrical stunning, following the EU regulation, prior to decapitation. The 35-day-old broilers used for sampling were selected based on their BW being near the average BW of the representing pen. At hatch, the weight of residual yolk, breast muscle (pectoralis major and minor, both sides), pancreas, liver and heart was recorded. At d 35, the weight of breast muscle (pectoralis major and minor, left side), abdominal fat pad, pancreas, liver and heart were recorded. Proportional weights were calculated by dividing the organ weight by the live weight.
Body Weight, Feed Intake, and Feed Conversion Ratio. All birds were weighed individually at weekly intervals. The feed intake was calculated weekly by weighing the remaining feed and subtracting this from the amount of feed administered. The feed conversion ratio (FCR) was calculated weekly and corrected for mortality and difference in BW. The used empirical equation is based the assumption that 1 point of FCR, i.e., 0.01 is equivalent to a 45 g difference in BW. Heavier birds have higher maintenance requirements and therefore have a higher feed intake. This empirical equation thus corrects for differences in BW between groups. 
Statistics
All data regarding the breeder trial were analyzed with the statistical software package SAS University (SAS Institute Inc., Cary, NC). Egg weight, egg production, body and egg composition were analyzed using GLM with treatment, age, and their interaction as classification variables. When there was a significant effect of treatment, or interaction with age, means were further compared by a post-hoc Tukey's test. The zootechnical laying performance of the breeder trial and body composition of the offspring trial were analyzed using one-way analysis of variance (ANOVA) with treatment as a classification variable. Average weekly BW, feed intake, and FCR data of the offspring experiment were analyzed using a GLM repeated measurements procedure of JMP pro 12 (SAS Institute Inc., Cary, NC) with age, treatment, and their interactions as classification variables. Data are presented as mean ± SEM. For each result the significance level was set at P < 0.05.
RESULTS
Feed, Protein and Energy Intake
The RP birds had on average 10% more feed allocated to maintain a similar BW throughout the entire experiment (Figure 1) , with an increased energy intake as a consequence. In all feeding phases, the diets were formulated isoenergetically and therefore the differences in feed allocation amounts corresponds with an extra energy intake of the RP fed breeders. The net protein reduction takes into account the protein reduction of the RP feed and the difference in feed allocation. An overview of the differences in feed allocation and consequently the net protein reduction and extra energy are shown in Figure 1 . From wk 3 to 18, the RP birds were fed approximately 10% more to maintain a similar BW as the control birds. This daily feed allocation corresponded with a 17.5% reduction in dietary protein compared to the control group. In the following weeks, RP birds required a higher feed allowance to reach the same BW. The total feed and CP intake of the control and RP breeders at 10, 15, and 22 wk of age is shown in Table 3 . During the start of the laying phase, both groups were fed according to their egg production. After peak production, the birds were fed to realize a growth of approximately 30 g per wk. At 37 wk, the feed allocation difference was only 3.0% which resulted in a 22.8% reduced dietary protein level for the reduced balanced protein group.
Body Weight and Body Composition
At wk 27 and 40 BW was not affected by the dietary treatment (Table 4) . Absolute BM, AF, liver and pancreas weight increased with age. At 27 wk of age the RP breeders had a lower proportional BM (on average 17.0 ± 0.5%) weight compared to the control breeders (on average 21.4 ± 0.7%), whereas at 40 wk the difference was largely diminished (P < 0.001). The RP birds had a higher absolute (P < 0.001) and proportional (P < 0.001) AF weight at wk 27 and 40. Also the proportional liver (P = 0.002) and pancreas (P = 0.042) weights were affected by the dietary treatment whereas absolute and proportional weights of the heart, reproductive organs, and brain were not altered (data not shown).
Egg Weight and Egg Production
The control birds came into production at 169 ± 3 d of age, whereas RP breeders produced their first egg 5 d later (Table 5 ). The laying rate in the first 2 wk of the control breeders was higher in comparison with their RP fed counterparts (P = 0.022). Although they differed at the beginning of the laying phase, both groups reached their peak production in wk 32. The RP breeders were characterized by a decreased laying performance from 24 to 39 wk of age (Figure 2 ). The average peak production was 77 ± 3% for the control breeders, whereas the RP group reached a laying rate of 66 ± 3%. At the end of the experiment (wk 39) the control and RP birds had an egg production of respectively 66 ± 3% and 58 ± 3%. No differences between the control and RP breeders in the percentage of second-grade eggs was observed. The RP fed breeders were characterized by a decreased fertility, but no difference was found on Figure 2 . The daily egg production of the control and reduced balanced protein breeders summarized in a weekly overview from wk 23 to 39 (N = 5). Asterisks indicate significant differences (P < 0.05) between the treatments at particular age. hatchability (Table 5 ). The egg weight of birds receiving RP diets was lower (P < 0.001) than the control eggs during the whole laying phase (Figure 3) . The combined effect of a reduced egg mass output and a higher daily feed intake in both rearing and laying phase resulted in an increased breeder FCR (kg feed/kg egg mass) for the RP fed breeders (Table 5) .
Egg Composition
The effects of a reduced dietary CP level on egg composition and egg quality traits at 26, 32, and 39 wk of age is shown in Table 6 . The egg weight of the RP breeders was lower (P < 0.001) at wk 26, 32, and 39, an The average egg weight of the control and reduced balanced protein (RP) breeders summarized in a weekly overview from wk 24 to 39 of age. Asterisks indicate significant differences (P < 0.05) between the treatments at particular age.
effect that was consistently observed during the whole laying period (Figure 3) . Both the absolute (P < 0.001) and proportional (P = 0.006) albumen weight of eggs were affected by age in an opposite way but were both decreased as a result of reducing the dietary protein level. The proportional albumen weights at peak production, namely at 32 wk of age, was 57.9 ± 0.4% and 56.3 ± 0.5% for respectively the control and RP group. The eggs from the control group had a higher absolute yolk weight (P < 0.001), while no effects were observed in the proportional yolk weight. No effects of the dietary treatment on the yolk color (data not shown) and albumen height were observed. The proportional egg shell weight decreased with breeder age and was higher (P = 0.046) for breeders receiving the reduced balanced protein diet.
Offspring Performance
Body Weight. The male and female BW trajectories from hatch until wk 5 are presented in Table 7 . Male offspring results showed an interaction effect between the dietary CP level and age (P = 0.002). 7. BW and FCR corrected for weight differences and mortality (FCR wmc ) of male and female progeny of control and reduced balanced protein (RP) breeders at hatch, wk 1, wk 2, wk 3, wk 4 and wk 5 of age. Average hatch weight was lower in both male and female offspring (P < 0.001) for chicks originating from the RP breeders. Proportional chick weight was not affected by the dietary treatment. Male progeny of RP hens was on average 4 g lighter at hatch than hatchlings from the control group. At wk 3, BW of both groups was approximately 1,010 ± 11 g, while at wk 5 BW was higher (P = 0.025) for the progeny of the RP breeders. At 5 wk of age, the male offspring of RP fed breeders was on average 82 g heavier compared to offspring of control fed breeders. In contrast, female progeny of the RP breeders were characterized by a lower BW from hatch until 5 wk of age (P < 0.001) ( Table 7) . At 5 wk of age, the female progeny originating from control breeders was on average 38 g heavier compared to the female offspring of RP breeders. Feed Conversion Ratio. The weight and mortality corrected FCR (FCR wmc ) for males and females (Table 7) increased with age (P < 0.001). A tendency towards a lower FCR wmc was observed for male progeny of RP breeders (P = 0.052). The FCR wmc at slaughter age was on average 1.40 ± 0.01 and 1.36 ± 0.01 for broilers originating from respectively the control and RP breeders. The female progeny of RP birds had a decreased FCR wmc (P = 0.025) compared to the chicks descending from the control breeders (on average 1.40 ± 0.01 and 1.43 ± 0.01 respectively).
Body Composition. Absolute and proportional organ weights for the male and female offspring are shown in Table 8 . At 5 wk of age, the proportional BM weight of the male broiler offspring from the RP birds was higher (P = 0.019) compared to their control fed counterparts (on average 10.4 ± 0.1% and 11 ± 0.1%). The absolute and proportional AF and liver weights of both male and female progeny were not affected by the dietary treatment of the breeder generation. However, the absolute and proportional pancreas weights of the female RP progeny was increased (P = 0.049).
DISCUSSION
The present study investigated the effects of a lower dietary CP level in both rearing and laying phase of breeders. The reduced dietary CP levels during the entire lifespan of the breeder hens induced maternal programming effects of the broiler offspring towards an improved zootechnical performance.
Breeder Performance
At 27 wk of age, the RP breeders were characterized by a respectively higher and lower proportional AF and BM weight compared to their control counterparts. These effects of a reduced dietary CP level on the body composition of breeders are in accordance with previous studies (Spratt and Leeson, 1987; Miles et al., 1997; Hudson et al., 2000; van Emous et al., 2013 van Emous et al., , 2015b . The higher AF in the RP breeders could be explained by the excess of energy consumed by the RP group (De Beer et al., 2007; Mohiti-Asli et al., 2012) . The possibly increased hepatic de novo lipogenesis, mediated by the alteration in the energy:protein ratio of (pre-breeder: control diet 17.2 versus 22.0 in the RP diet), resulted in an increased lipid deposition in the abdominal fat, and an increased (proportional) liver weight, which is in accordance with Adams and Davis (2001) and Swennen et al. (2007) . At 40 wk of age, the end of the experiment, the (proportional) AF weight was still higher for the RP fed birds, as the energy:protein ratio was 17.3 versus 24.2 for respectively the control and RP diet. At 40 wk of age, the (proportional) BM weight was similar for the control and RP group, as also observed by van Emous et al. (2015b) . In contrast to the latter study, the RP birds were fed also a RP diet in the laying period. Hence, these results suggest that the dietary CP content during the rearing phase had a higher impact on the body composition than the CP level in the breeder diet.
Not only body composition, but also egg weight and composition were influenced by the dietary CP level. A lower egg, yolk, albumen and shell weight was observed for breeders that were fed the RP diets. Lopez and Leeson (1995b) also reported a 2 g lower egg weight for breeders fed low protein diets in the laying phase, whereas Spratt and Leeson (1987) found a minor decrease in egg weight from 32 until 35 wk of age as a consequence of a reduced dietary CP in the laying phase, but reported a 0.5 g decrease in egg weight throughout the entire laying period for breeders fed lower energy diets. Hocking et al. (2002) found no effects of a lower dietary CP level during rearing phase on egg weight. However, in contrast with the work of Spratt and Leeson (1987) , Lopez and Leeson (1995b) and Hocking et al. (2002) , the BW of our C and RP breeders was kept equal. As BW, a potential predominant factor in egg weight, did not vary between C and RP groups, this factor can be excluded in our study. Hence, it is hypothesized that besides BW, also dietary CP level is a major determining factor for egg weight. In addition to a reduced egg weight, our results also showed a decreased proportional albumen and shell weight. Spratt and Leeson (1987) also reported a decreased proportional albumen weight at 32 wk, but not at 28, 36, and 40 wk of age. In contrast, Lopez and Leeson (1995b) and Naber (1979) observed no effect of dietary CP levels on egg composition, which could be explained by the fact that the reduced dietary CP levels were only applied during the rearing phase, whereas in our study the breeders were fed RP diets throughout their entire lifespan. A lower shell weight was reported by Spratt and Leeson (1987) as consequence of an increased energy intake, which is in agreement with our findings.
The lower laying performance by RP breeder was in contrast with the findings of van Emous et al. (2015b) , whereby an increased egg production was reported for breeders that were fed a lower dietary CP level during the rearing period. Hocking et al. (2002) reported a decreased egg production when pullets were fed a low protein diet (10% CP) during rearing, which is slightly lower compared to our RP grower diet (11.8% CP), while the study of van Emous et al. (2015b) decreased the dietary CP content of the grower diet only to 12.8%. However, in the present study RP breeders were also fed an RP breeder diet (11.6% CP), whereas in the study of van Emous et al. (2015b) and Hocking et al. (2002) all breeders received a control diet during the laying period with respectively 14.5% and 15.0% CP. Joseph et al. (2000) reported a decrease in early and late stage egg production when birds were reared on control diets but fed a low protein (14% CP) compared to a control (16% CP) and high protein (18% CP) diet during the laying period. It is postulated that a deficiency in methionine and lysine levels, which were lower in the present study compared to van Emous et al. (2015b) , may be responsible for the decreased laying performance of the RP breeders (Bowmaker and Gous, 1991) . Hence, not only the dietary CP in the breeder feed, but also the magnitude of dietary CP reduction relative to normal CP levels in rearing diets may be a determining factor for laying performance afterwards. van Emous et al. (2015b) also observed a better laying persistency from 48 wk onwards when the breeder pullets were reared on diets with a lower dietary CP level. The improved persistency was probably mediated by the increased AF and decreased BM at the onset of lay. Even though our experiment was terminated at wk 40, the extra fat reserve at the onset of lay was demonstrated.
In accordance with Walsh and Brake (1997) and van Emous et al. (2015a), a decreased fertility was found for RP fed breeders. In the present research total dietary CP intake of the RP fed breeders was only 1059 g at 20 wk of age. Walsh and Brake (1997) a reported that a minimal total dietary CP intake of 1,180 g between 0 and 20 wk of age is needed for an adequate level of fertility. Whereas van Emous et al. (2015a) found that a minimal total CP intake of 1,300 g was needed for the modern broiler breeders.
Feed allocations were weekly adapted to maintain a similar BW for both groups throughout the entire experiment, as BW is one of the main factors that could influence breeder and offspring performance. The breeders fed RP diets required approximately 10%, with a maximum of 14%, more feed during the rearing phase to obtain a similar BW at 23 wk. This observation is in agreement with literature, although the absolute amount of extra feed, required to meet the same BW goals, varied between published results (Lilburn and Myers-miller, 1990; Miles et al., 1997; Hudson et al., 2000; Hocking et al., 2002; van Emous et al., 2013 van Emous et al., , 2015b . The higher feed allocation of the RP breeders must be taken into account for calculating the net protein reduction of RP group. The control and RP diets were formulated isoenergetically, thus a higher feed allocation resulted in a higher energy intake for the RP fed birds. During the rearing phase, the RP diets contained 25% less protein which corresponds in an average net reduction of 17.5% in CP intake and a 10% increase in ME intake. As a result, not only the dietary protein and ME levels, but also energy:protein ratio was altered for the RP fed birds. At the beginning of the laying phase, the difference in feed allocation between the RP and C breeders varied as a result of feeding the breeders according to their egg production. At peak production, the RP fed birds received 8% more feed compared to their control counterparts. The difference gradually decreased to 3% at 38 wk, while the difference in egg production declined from 11 to 8%. At wk 38 of age, the net difference in daily protein and energy intake was respectively 22.8 and 3.0%. These results suggest that the dietary CP content during the rearing phase had a higher impact on BW and body composition than in the laying phase.
Offspring Performance
Despite a lower hatch weight, as a result of a lower egg weight, male offspring of the RP fed breeders had a better growth performance in comparison with the progeny of their control fed counterparts. The RP male progeny had a significantly higher slaughter weight (on average + 82 g) and a tendency towards a lower FCR wmc . The female RP progeny on the other hand had a lower BW at slaughter age, but a significantly decreased FCR wmc . A differential gender effect, as a consequence of the maternal nutrition was also reported by Spratt and Leeson (1987) , Zambrano et al. (2005) BW and proportional BM weight for the progeny of low protein fed Langshan breeders. These positive effects on the offspring were supported by alterations of the gene expression in yolk-sac membrane, hypothalamus and muscle of developing chicken embryos (Rao et al., 2009 ). However, Moraes et al. (2014) and van Emous et al. (2015a) did not observe an effect of a lower dietary CP level in the breeder rearing diets on offspring live performance. These apparent discrepancies between published results can be explained by the period when a lower dietary CP level was provided to the breeders. Interestingly, the reduced proportional albumen weight and hence the possibly reduced protein amount available for the broiler embryo, was followed by an improved postnatal performance. The study of Willems et al. (2016) reported that prenatal protein undernutrition, by albumen removal early during incubation, in laying hens influenced gene expression and associated metabolic pathways in the liver such as "embryonic and organismal development", "organ morphology and development", "tissue development" and "reproductive system development and function", which resulted in long-lasting effects on the protein and carbohydrate metabolism of adult laying hens. Additionally, Piestun et al. (2013) reported that increasing temperature during the mid-phase of incubation had a positive influence on the energy metabolism and an improved thermotolerance of broilers in later life. Thus an increased incubation temperature programmed broilers to cope better with higher temperatures. In mammals, it is also known that prenatal nutritional constraints can program the offspring, resulting in an altered metabolic phenotype in adult life (Lillycrop et al., 2009) . One of the most interesting and important features of developmental programming is the evidence in mammals that the effects of maternal malnutrition can be passed transgenerationally from mother over daughter to the F2 progeny (Aerts and Assche, 2003; Zambrano et al., 2005; Pinheiro et al., 2008) . Prenatal programming by maternal influences is often referred to as epigenetic programming. Indeed, the inheritance of some effects without selection or altering the DNA sequence of the hens implies that epigenetic mechanisms must be involved.
CONCLUSION
In conclusion, reducing the dietary CP levels in both rearing and laying phase of broiler breeders had a negative effect on egg production rate and egg weight and altered breeder body composition. However, the reduced dietary CP levels had a positive effect on zootechnical performance of the offspring.
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